A lower computer control system of tractor automatic navigation based on double-antennas Beidou satellite is developed, including the controller unit, bipolar output unit, RS232 bus communication unit, a switch reset unit and the power conversion unit. To obtain a continuous voltage output, the calibration method of lower control system using least square method to fit calibration curve has been studied. The lower computer control system receives navigation angel and navigation angel offset instruction provided by the host computer through RS232 bus communication unit. Continuous voltage from -10V to +10V is output through the bipolar output unit to adjust hydraulic valves to control the tractor steering after these are processed by the lower computer.
INTRODUCTION
Automatic navigation technology of agricultural machinery is one of the important support technologies of modern agricultural equipment. Its application in precision agriculture is regarded as one of the main issues noteworthy for efficiency improvement [1, 2] . Agricultural machinery automatic navigation technology has important significance in theoretical research and practical applications, because it not only can effectively reduce the driver's labor intensity but also improve the quality of farmland homework. GPS positioning technique in tractor has been widely used in automatic navigation system [3] , driven-by-wire tractors, linked to GPS, and receiving precise mapping data have already led to significant increases in productivity.
According to a recent survey, major studies are focused on different control methodologies [4 -6] , path tracking methods [7] , ISO 1173 network [8, 9] and vision navigation approaches [10] . The crew of autonomous agricultural vehicles [11] and the situation awareness of drivers [12] are also studied. The majority of reports used GPS or DGPS+ steering angle sensor as the way of feedback [13 -15] , which is needed to make improvements in the tractor front wheel steering, or used step motor or servo motor to improve steering system, which can easily control but lose the control precision [16, 17] .
In fact, the performance of the lower machine has important influence on the automatic navigation. A lower machine control system applicable to the hydraulic steering tractor automatic navigation is designed and its calibration method is studied in this article. In the system, double antenna system based on Beidou navigation system is adopted, by which the navigation offset and deflection angle could be obtained directly, and it can avoid using of angle sensor.
NAVIGATION SYSTEM STRUCTURE
The whole control structure of tractor automatic navigation system is shown in Fig. (1) , which consists of PC, LCD display unit, keyboard and button unit, two Beidou navigation antenna units, RS232 bus communication unit, slave machine, hydraulic unit and hydraulic steering unit. Fig. (1) . The whole control structure.
THE DESIGN OF LOWER MACHINE CONTROL SYSTEM

Control System Structure
Lower machine control system consists of a freescale MC9S12XS128 single-chip microcomputer controller, RS23 bus communication unit, power conversion unit, overload signal input unit, switch, reset unit, relay output alarm unit, and -10V-+10V bipolar output unit. The control system structure is shown in Fig. (2) . 
Control and Measurement Requirements
The control and measurement requirements for lower control system are listed as the following:
Power supply requirements: 12V DC input (supplied by tractor itself), 3-way 24V DC output (one for the 1.
electromagnet proportional hydraulic valve power supply, one for alarm light, one reserved for external power unit), 5V DC power supply for chips in lower computer. ranged from -10V to +10V.
Hardware Design of Control System
The hardware of the system includes the following parts:
Source transformation unit: selecting voltage stabilization module SDW50-12S24 to convert 12V DC into 24V 1.
DC, selecting voltage stabilization module SDW50-12S5 to convert 12V DC into 5V DC. RS232 bus communication unit: selecting chip MAX232 to convert MCU full-duplex level into RS232 bus 2.
communication level.
Overload signal input unit: selecting module ISO-A4-P1-O4 to transfer the input of 4-20mA standard signal into 3.
5V isolated signal. The alarm output unit: selecting the relay SRS-5VDC-SL module as the alarm light of control signal. 4.
-10V -+10V bipolar output unit: selecting DAC0832 and WD12-5D15B1 to provide standard external voltage 5.
of +15V and -15V, while choosing AD581 to provide 10V reference voltage to DAC0832.
The circuit schematic diagram is shown in Fig. (3) . 
THE CALCULATION METHOD OF CONTROL SYSTEM
The Transferred Calculation between Current and Voltage of Overload Signal Input Unit
External overload signal input is a standard 4-20mA current signal, which is corresponding to the solenoid valve of 0-3000PSI. Setting the input current as x-coordinate and the pressure value as y-coordinate, equation is established as follows.
(1)
The curve of I-PSI is shown as Fig. (4) . The module ISO-A4-P1-O4 transfers the 4-20mA standard input signal into 5V isolated signal. Setting the input current as x-coordinate and the conversion voltage as y-coordinate, the equation can be established as Eq. (2).
(2)
The curve of I-U is shown in Fig. (5) . In a similar way, setting the conversion voltage as x-coordinate and the pressure value as y-coordinate, the curve of U-PSI is shown in Fig. (6) . 
The Calculation Method of -10v-+10v Bipolar Output Unit
A self-made equipment is used as the demarcating source with output current of 4-20mA.
Theoretical curve
The resolution ratio of DAC0832 is 8-bit, so the output voltage is as follows.
(3)
As is shown in Eq.(3), the value of x range from 0 to 255.
The dead-band voltage of electromagnet proportional hydraulic has a changing range from -0.8V to 0.8V, which means that the output pressure of magnetic value is 0 when the input voltage is ±0.8V.
Theoretically, the output voltage ranging from -10V to 10V is corresponding to the pressure ranging from 0 to 3000PSI.
So the theoretical equation is: (4)
The theoretical curve is shown in Fig. (7) .
2. Assuming x=0, 1, 2,…, n,…, 255, where n is an integer and its range is from 0 to 255. The output delay is 2s, setting the controller to output continually. The calculation data is recorded by Fluke multimeter. Partial data is listed in Table 1 and the curves are shown in Fig. (8) . In order to achieve the bipolar output, x is divided into 100 equal parts. The equation is given by: The calculation curve is shown in Fig. (9) . 
Least Square Method Fitting
Extracting the data from Table 1 and the new data is listed in Table 2 .
Fitting the value of output voltage with the Least Square Method (LSM) [18] , the continuous output voltage can be obtained. Specific process is explained in literatures [19, 20] .
Through preliminarily tracing the points, it can be seen that the function obeys linear relationship. Assuming the function is: Because of the linear relationship between x i and y i , then, , which means that the fitting results are only with 0-order basis function and 1-order basis function. According to the principle of least square method, the equation of the question is as follows:
Then, the coefficient of the equation is:
Among the above, (φj, φk) is the value of the matrix in row k of line j, φj (x i ) is the value of j th -order basis function when the independent variable is x i . And φk (x i ) is the value of k th -order basis function when the independent variable is
is the corresponding fitting value of j th -order basis function, and y i is the fitting value when the independent variable is x i .
The coefficients in the calculating function can be expressed as:
Returning these into the equation, the equation can be set as:
Therefore, a and a 1 could be obtained:
The fitting curve by using lower square method is shown in Fig. (10) .
ANALYSIS OF EXPERIMENTS
Test Site and Equipment
Experiments were performed in the Jiusan farm of Qiqihar city, north east of China. The developed lower machine controller was installed in a modified Oriental Red X-804 tractor, and the tractor technical parameters are as shown in Table 3 . The navigation system adopts Beidou satellite base station CORS series and NETS9 receiver produced by China Guangzhou South Satellite Navigation Co., Ltd. The photo of developed controller is as shown in Fig. (11) . The device installed on a tractor is shown in Fig. (12) . 
Linear Tracking Experiments
When the tractor speed is 0.5m/s and 1m/s respectively, the target linear path is 50m and tracking is as shown in Fig. (13) . The solid lines represent the target paths and the dotted lines are the actual tractor tracks. The experimental data indicate that as the tractor speed is 0.5m/s, the average deviation is 0.0968m, and the standard deviation is 0.0603m. When the tractor speed is 1m/s, the average deviation is 0.1443m, and the standard deviation 0.1143m. During the test, by adjusting the control parameters of the algorithm, and choosing the best combination of parameters, lateral deviation was set to the relative minimum, with maximum accuracy. The lateral deviation is affected by the tractor driving speed influence, during low speed the lateral deviation is small with high precision, whilst during high speed the lateral deviation increases and the accuracy is reduced. 
